Background
Results
We included 696 eligible hospitalizations of 489 CKD patients. Hospitalized patients had a median age of 64 years (interquartile range (IQR), 52-72), 35.6% were at risk of malnutrition (NRS�3). After adjustment for the identified confounders (Case weight, Barthel index, and CKD stage) multivariate analysis confirmed an independent and significant association between higher in-hospital mortality with NRS�3 [OR 2.92 (95% CI: 1.33-6.39), P<0.001]. Furthermore, in multivariate analysis the risk of malnutrition was associated with longer length of hospitalization [Geometric mean ratio: 1.8 (95% CI: 1.5-2.0), p<0.001] and with increased hospitalization costs [Geometric mean ratio: 1.7 (95% CI: 1.5-1.9), p<0.001]).
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Introduction
The prevalence of malnutrition in chronic patients is substantial and varies significantly depending on the screening instruments used for assessment. In hospitalized patients, malnutrition is observed in 20-60% and is associated with increased morbidity, mortality, and healthcare costs [1] [2] [3] [4] [5] . Chronic kidney disease (CKD) patients are commonly depleted of protein and energy stores and particularly prone to develop malnutrition [6, 7] . Yet, many CKD patients with a high risk of malnutrition remain undetected during hospitalization, due to the lack of standardized nutritional screening tools. Several studies have found associations between nutritional risk and adverse clinical outcome using various screening tools such as the Subjective Global Assessment (SGA) [8] , the Malnutrition Screening Tool (MST) and the Nutrition Risk Screening 2002 (NRS) [9] . So far, the most successfully evaluated screening tools in CKD patients are the SGA or one of its adaptations [10, 11] . The NRS combines both a measure of current potential undernutrition and a measure of disease severity and has been validated in various patient groups. It was shown to be reliable to identify hospital patients at risk of malnutrition and was therefore recommended by the European Society of Clinical Nutrition and Metabolism (ESPEN) [12] . The NRS has equivalent sensitivity and specificity compared to the SGA, but is quicker and simpler to use, and thus requires considerably less examiner training [13, 14] . There is scant information regarding the standardized use of the NRS in tertiary nephrology wards. If malnutrition imparts added functional impairment in patients with CKD, there might be a strong rationale for screening and treating malnutrition during hospitalization in the hopes of improving functional status and outcomes. Thus, the primary aim of this study was to evaluate the prevalence of malnutrition risk among hospitalised CKD patients by the standardised implementation of the nutritional risk screening score NRS and to examine the impact of malnutrition, on relevant clinically endpoints, i.e. hospital mortality, length of hospitalization, and hospitalization costs.
Materials and methods

Study design and patients
In this quality control study, the nursing staff assessed the nutritional status of all adult patients (>18 years old) hospitalized for more than 24 hours in the nephrology department of the Inselspital, University Hospital of Bern, during a 12-month period. The assessment was based on the NRS questionnaire [9] .
The binary outcome in-hospital mortality in combination with logistic regression analysis was preferred over survival analysis with Cox regression as i) additional assumptions (proportional hazard assumptions) did not need to be tested, ii) there were no censored patients, and iii) the time to event (death) was not of particular interest in this study.
Secondary outcomes: Length of hospital stay and costs
The secondary outcomes were length of hospital stay in days from admission until hospital discharge (including in-hospital death) and hospitalization costs (in Swiss Francs) obtained from the hospital electronic system.
Data collection: Potential confounders and others
Patients with the risk of malnutrition appear to have more comorbidities and to be more elderly. The association between risk of malnutrition and the outcomes therefore needed to be controlled for some clinical parameters and comorbidities.
We obtained different potential confounders as surrogate parameters for functional status and acute and chronic morbidity.:
First, the Barthel index was used to measure activities of daily living (ADLs) and was completed based on structured interviews [16] . A Barthel index cutoff of <80 points was defined as indicating dependence on others [16] .
Second, we collected pertinent clinical information, including sex and age. Reasons for hospitalization were routinely gathered from the hospital electronic medical system for coding of diagnosis-related group (DRG) codes to further characterize the patients.
Third, routine laboratory data, when available, were extracted when available from charts or from the electronic laboratory database of the hospital as surrogate parameters for acute or chronic illness. The following laboratory variables were tabulated: haemoglobin, leucocyte count, sodium, potassium, calcium, creatinine, albumin, and CRP.
Fourth, nephrology-specific variables such as previous renal transplantation, the grade of chronic kidney disease (CKD grade: I mild-V chronic kidney failure) and acute kidney disease (AKIN grade: I risk-III acute kidney failure) that are routinely stored in the medical records were obtained.
Fifth, we used the case weight to further control for comorbidity. One positive integer value, the so-called case weight, is assigned to every hospitalization on the basis of the diagnosis-related group and the comorbidities of the patient for administrative purposes. The case weight is often between 0.2 to 5 at our nephrological ward; the higher the value, the more complex and morbid the patient.
For the purpose of this study, we used the case mix as a surrogate marker for comorbidity in combination with the Barthel index, sociodemographic data, nephrological conditions, and the laboratory values.
Ethical considerations
This was an observational quality control study and all data were anonymized prior to analysis. The study was approved by the Cantonal Ethics committee and was in accordance with Helsinki Declaration of Human Rights. range (IQR) as most of the continuous variables were not normally distributed. Comparisons between categorical variables were performed by Fisher's exact test. Differences in continuous variables between two groups were assessed using the Mann-Whitney's U tests.
To incorporate the impact of multiple hospitalizations of the same patient, a multilevel mixed-effects logistic regression model (-melogit-command) for the association of the risk of malnutrition and in-hospital mortality as well as a multilevel mixed-effects linear regression (-mixed-command) with the patient identification number as the random effect was used to quantify the strength of association of the risk of malnutrition with the length of hospitalization respectively with hospitalization costs. The strength of the association between risk of malnutrition and in-hospital mortality was quantified through the obtained odds ratio (OR, with 95% confidence interval). The variables length of hospitalization and hospitalization costs were ln-transformed before analysis as it was strongly skewed, the obtained regression coefficients were exponentiated. Thus, the presented exponentiated regression coefficients correspond to the geometric mean ratio of the non-log transformed values of length of hospitalization and hospitalization costs [17] .
After univariate analysis, all potential confounders for multivariable modelling were identified in univariate through a p-value <0.2 of the association with the exposure risk of malnutrition and the variable. The final model for both the primary and secondary outcome was determined through stepwise exclusion of variables with a p-value of p>0.1 after adjustment, starting with the variable with the highest p-value.
For sensitivity analysis a logistic and linear regression i) without a random effect and ii) with restriction to the first hospitalization of a patient adjusted for the identified confounders was performed and presented.
Statistical differences were considered significant when p<0.05.
Results
Demographic and hospitalization characteristics are shown in Table 1 . A total of 747 hospitalizations of 508 patients were admitted to the nephrology department during the 12-month study period. In total, 6.8% (n = 51) had to be excluded because of incomplete documentation (Fig 1) . Thus, 696 hospitalizations of 489 patients were included in the main analysis. Based on the NRS score from all hospitalized cases, 248 admissions (35.6%) were at risk of malnutrition (score � 3), see Table 1 . Most of the admitted patients were male (60%), with a mean age of 64 years (IQR 52-72) and presented mostly as emergency admissions (59%). The main reason for hospitalization based on the primary group related diagnosis (DRG) were diseases of the kidney, urinary tract and transplantation related problems (34%). Almost half of the patients had at least one rehospitalization during the study period generating a total of 747 admissions.
The comparison of conditions related to hospitalization between patients with NRS score<3 and those with NRS score�3 are shown in Table 2 .
Patients at risk of malnutrition (NRS�3) were older, had a higher case index weight and a lower Barthel index than patients without the risk of malnutrition (NRS<3). Based on the biochemical profile at admission serum sodium, potassium, albumin, CRP levels and haemoglobin were lower in patients at malnutrition risk compared to patients with no risk for malnutrition (p<0.2).
Furthermore, patients with NRS score�3 generated higher costs, had a longer hospitalization stay and higher in-hospital mortality (10.9% vs. 2.2%) compared to patients with NRS score <3, all p<0.001.
Univariate and multivariate analysis of possible nutritional risk factors concerning in-hospital mortality
In univariate analysis, in-hospital mortality was significantly associated with risk of malnutrition (NRS score �3) with an odds ratio of 5.4 (95% CI: 2.5-11.3, p<0.001), see Table 3 . Furthermore, malnutrition was associated with a longer length of hospital stay and increased hospitalization costs. The geometric means for length of hospital stay and for hospitalization costs in patients with risk of malnutrition was 2.8 (95% CI: 2.4-3.3, p<0.001) and 2.6 (95% CI: 2.2-2.9, p<0.001) times higher compared to patients without risk of malnutrition.
All Variables shown in Table 2 with at least a p-value of <0.2 were considered as potential confounders and were controlled for in the multivariate analysis. As creatinine is already reflected in the variables CKD and AKIN it was not additionally considered in the final model. The Barthel index was considered as a binary parameter (<80 vs. �80).
Stepwise, variables with a p-value >0.1 were removed to obtain the final model for both the primary and secondary outcomes.
The final multivariate analysis between in-hospital mortality as well as length of hospitalization and hospitalization costs with the risk of malnutrition (NRS score �3) are shown in Table 4 .
In multivariate analysis controlled for the parameter CKD grade, case weight and Barthel index (�80), the risk of malnutrition (NRS score � 3) was significantly associated with in-hospital mortality with an odds ratio of 2.9 (95% CI: 1.3-6.4, p = 0.008).
Furthermore, the risk of malnutrition was associated with longer length of hospitalization (Geometric mean ratio: 1.8, 95% CI: 1.5-2.0, p<0.001) and with increased hospitalization costs (Geometric mean ratio: 1.7, 95% CI: 1.5-1.9, p<0.001). The associations were adjusted for AKIN grade, case weight, Barthel index and the laboratory values CRP, albumin, haemoglobin and leucocytes as well in the case of the association with length of hospitalization potassium (Table 4) .
Sensitivity analysis for the primary outcome
Using the same identified confounder (CKD grade, case weight and Barthel Index) in a logistic regression without the random effect for rehospitalization of a patient did not change the odds ratio between the risk of malnutrition and in-hospital mortality (2.9, 95% CI: 1.3, 6.4). After restriction of the analysis to the first hospitalization of a patient (n = 489), controlling for the same confounder, the odds ratio between risk of malnutrition and in-hospital mortality increased (OR 4.1, 95% CI: 1.3, 13.2, p = 0.019).
Discussion
Patients with CKD are particularly vulnerable to the deleterious effects of malnutrition although malnutrition often remains unrecognized [6] . The primary aim of the study was to explore the prevalence of malnutrition among patients admitted on a tertiary nephrology ward as captured by the NRS screening tool. This observational study shows that more than onethird of hospitalised CKD patients were at risk of malnutrition. Furthermore, such patients In-hospital mortality, n (%) 10 (2.2) 27 (10.9) 37 (5.3)
<0.001
Abbreviations: AKIN, acute kidney injury; CKD, chronic kidney disease; CRP, C reactive protein; IQR, interquartile range; med, median; NRS, nutrition risk screening; Sfr, Swiss Francs.
https://doi.org/10.1371/journal.pone.0211200.t002 Table 3 . The univariate association of the risk of malnutrition (NRS score�3) and the primary outcome in-hospital mortality and secondary outcomes length of hospital stay and hospitalization costs (ln-transformed). Abbreviations: NRS, nutrition risk screening.
In-hospital mortality Odds ratio (95% CI) p
Risk of malnutrition (NRS score�3) 5.35 (2.54-11.25) <0.001
Length of stay (ln-transformed) Geometric mean ratio (95% CI)
Risk of malnutrition (NRS score�3) have significantly higher in-hospital mortality, generate higher healthcare costs, and have a longer length of hospitalization.
Our results are in accordance with previous studies performed mainly in internal medicine wards showing that a considerable proportion of hospitalised patients were classified as malnourished (NRS � 3) [18, 19] . Similar in a recent study among hospitalized CKD patients, malnutrition was also highly prevalent (40%) and it affected the length of hospitalization, although mortality was not explored [20] . Several studies suggested that awareness of nutritional status and treatment of malnutrition are often insufficient and that the challenge lies in implementing appropriate screening tools leading to proper nutritional evaluation and support [21] [22] [23] [24] . Our findings highlight the importance of systematic screening upon admission in hospital wards.
The EuroOOPS, a large multicentre multinational study showed that malnutrition in general hospital patients, as defined by the NRS, is associated with significantly higher mortality, complication rate and length of hospitalization [25] . Analogous associations were recently confirmed in another large single centre study in Switzerland [26] , where in contrast to the EuroOOPS, surgical and intensive care patients were excluded. The impact of malnutrition on mortality and length of hospitalization was also demonstrated in our study. The median duration of hospitalization of the undernourished patients was almost twice as long as of the subjects with normal nutritional status. Moreover, the results of multiple regression analysis showed that malnutrition was an independent factor for the prolongation of hospitalization. The costs of treating disease-related malnutrition in Europe are estimated around € 170 billion annually [27] . Our analysis revealed that the costs of treating CKD patients at risk of malnutrition are nearly triple those of treating CKD patients that are not at risk
It is important to note that restrictions in renal diets often contradict normal nutritional recommendation, and even if limiting intake of sodium, potassium, phosphates, and fluids can prevent complications, problems occur if such restrictions are not accompanied with counselling on alternative dietary choices and strategies to maintain adequate nutrition [28] . There is very little evidence regarding the benefits of nutritional interventions in CKD patients, though ongoing multi-centric studies could provide further evidence to support such treatment strategies.
It is well known that patient on ICU are at high risk for malnutrition. Malnutrition is related to adverse outcome and different interventional studies were performed to find optimal nutrition strategies for such patients [29] . Patients with kidney failure in ICU are more and more recognized as especially vulnerable for malnutrition and are at higher risk for 1-year mortality [30] . Our study highlights the importance to recognize kidney failure in patients not only in ICU but also in normal wards as risk factor for malnutrition.
Implication of our study
Currently ESPEN recommends the use of NRS in hospitalized patients but there is neither a universally accepted screening tool nor a diagnostic biochemical marker for identifying malnutrition risk in CKD patients. An easy-to-apply, reliable, and valid screening tools as the NRS score can prompt diagnosis of malnutrition induce appropriate nutrition interventions and decrease adverse outcomes and healthcare costs. The challenge lies more in implementing appropriate screening tools such as the NRS and proper nutritional support in randomized controlled trials in order to evaluate the impact of nutritional strategies in CKD patients, which are at substantial nutritional risk.
Strengths and weaknesses
This study has some limitations. Our results are based on the admission NRS score with no longitudinal follow-up. Also factors like past medical history and comorbidities like diabetes and high blood pressures were not addressed although we used surrogate parameter for morbidities such as case-mix index and Barthel index. We did not compare NRS to other nutritional status assessment tools or implemented any appetite questionnaires. Despite the singlecentre nature of our study, the main strength lies in the representative CKD patient sample within a prospective observational setting.
Conclusion
In conclusion, pre-existing malnutrition is substantial among CKD patients, associated with increased resource use, prolonged hospital stays and in-hospital mortality. Since patient with CKD represent a high-risk population for malnutrition-associated adverse outcomes, routine evaluation of nutritional status at hospital admission should become a standardized procedure.
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